ABSTRACT The relationship between the degree of exposure and biological effects of acrylonitrile (AN) was studied in 102 workers whose exposure period exceeded five years, and in 62 matched controls, all of whom had been randomly sampled from six acrylic fibre factories in Japan. The six factories were classified into three groups on the basis of AN concentration at workplaces. 
Several reports provide some evidence to suggest that slight liver damage occurs in workers exposed to AN (Wilson, 1944; Wilson et al., 1948; Suzuki, 1961; Kondo, 1969) . Wilson (1944) and Wilson et al. (1948) described several cases of liver damage among AN workers engaged in the manufacture of synthetic rubber, but the description of the cases Received for publication 26 September 1977 Accepted for publication 8 December 1977 was sketchy and the level and duration of exposure responsible were not clearly specified. Suzuki (1961) and Kondo (1969) found more subjective symptoms in AN workers than in control workers, and slight overall shifts of several liver function tests in the former group. However, they were unable to state categorically that any subject was suffering from liver damage because no distinctly abnormal findings were observed, nor were slightly abnormal findings for more than one test item observed in clusters. Similarly, Sakurai and Kusumoto (1972) analysed health examination records of AN workers from five acrylic fibre factories for a period of approximately 10 years up to 1970 and found that the prevalence of subjective complaints and abnormal values for some of the liver function tests increased significantly with increase in time spent at ANrelated jobs. They concluded that mild liver damage appeared to have been caused by AN exposure and expressed doubt about the adequacy of the current Threshold Limit Value (TLV) of 20 ppm (American Conference of Governmental Industrial Hygienists, 1977) . These reports, however, based their findings on routine health examinations and lacked adequate epidemiological design. Furthermore, exposure levels were not reliably reported.
We were recently given a unique opportunity to perform a health examination of AN workers together with an extensive evaluation of levels of exposure in all acrylic fibre factories in Japan. This study was carried out to discover whether subclinical effects, especially liver damage attributable to AN, could be observed among workers at these factories and to clarify the quantitative relationship between dose and effect, if any. Study subjects for both AN and control workers were selected by random sampling. Although recent suspicion of carcinogenicity of AN (National Institute for Occupational Safety and Health, 1977) was considered, the present report was limited to the clarification of health effects which could be detected mainly by multiple clinical chemistry determinations.
Methods

SUBJECTS
The study was performed between December 1975 and March 1976. Six out of the eight acrylic fibre factories belonging to seven different corporations in Japan were chosen for study, the two smallest being excluded.
Production of acrylic fibre began in the latter half of the 1950s in Japan. Output increased rapidly and rose to 335 000 tonnes in 1973, about 21 % of the world production in that year. In 1974 and 1975, however, the output decreased significantly because of economic setback. The output indices for these two years were 86.6y% and 72-6y% respectively, compared with the 1973 production level; that for the four-month period covered by this study was 87 0%.
There were 1124 AN workers in all, and 571 non-AN workers were selected as controls. In order to minimise selection bias, all individuals involved in several non-AN production lines which were similar to acrylic fibre production lines in types of job and work shifts were included in the control population, which therefore comprised mainly employees from polyester fibre plants and power supply and finishing branches of acrylic fibre plants.
Of the 1124 AN and 571 control workers, 296 and 360 men were selected respectively as study populations on the bases of exposure histories, types of shift or present occupation (Table 1) .
From these study populations, stratified samples of 120 AN and 60 control workers were obtained by randomly sampling 20 AN and 10 age-matched control subjects from each of six factories. Urine was collected at the end of the working period. Acrylonitrile in urine was separated by azeotropic distillation (Sato et al., 1975) and determined by gas chromatography. The urinary thiocyanate ion concentration was determined by a modification (Sato et al., 1975) of the method reported by Aldridge (1944) and was corrected to a urinary specific gravity of 1 -024. It was also corrected to the smoking level of 15 cigarettes per day by the equation T15 = T + 0-15 (15 -x), where x is the number of cigarettes smoked per day, and T is the uncorrected thiocyanate ion concentration in mg/I, which was derived from the data of 46 control subjects whose smoking habit ranged from 0 to 30 cigarettes per day. Approximate detection limits for AN in spot samples at workplaces, AN in air collected by personal sampler and AN in urine were 1 ppm, 0 1 ppm and 5 ,ug/l respectively. Because personal sampling of air and collection of urine were performed on the same day as the health examination, those who underwent the health examinations were not necessarily the same as those whose air and urine were sampled.
MEDICAL EXAMINATION
Examination included past medical history, physical examination, work history, history of AN exposure, routine qualitative urinalyses, quantitative determination of urinary protein (Kuno and Kihara, 1967) , indocyanine green excretion test (ICG) (Caesar et al., 1961) , and multiple haematological examinations. Urine was collected on rising in the morning and blood was taken by venepuncture before breakfast. After the specific gravity of whole blood and the haemoglobin concentration had been determined, the plasma was separated, frozen with dry ice and taken to the Keio University Hospital laboratory where analyses were performed mostly with an auto-analysing system using routine methods.
Analyses included estimation of total protein and its fractions, direct and total bilirubin, total cholesterol, uric acid, urea nitrogen, creatinine, sodium, potassium, calcium, chloride, inorganic phosphate, zinc sulphate turbidity (ZTT), thymol turbidity test (TTT), aspartate aminotransferase (AsT), alanine transaminase (AlT), alkaline phosphatase, cholinesterase, leucine aminopeptidase (LAP), y-glutamyl transpeptidase (y-GT), lactate dehydrogenase (LDH), and LDH isozymes. In the ICG test, only the 15-min value was measured at the first factory. However, because the plasma concentration of the dye was too low at 15 minutes for adequate comparison to be made between exposed and control groups, 5-min and 10-min values were estimated for the remaining five factories. In all, quantitative comparisons could be made between AN and control groups with respect to 27 types of estimation.
Results
EXPOSURE EVALUATION
The six factories could be classified into three groups according to the levels of AN in the air at the workplaces. In the two best-controlled factories, most of the air samples contained less than 1 ppm AN and there were few results between 1 and 10 ppm. In three factories, about half the data recorded less than 1 ppm AN, most other levels falling between 1 and 10 ppm, with a few samples showing concentrations as high as 100-200 ppm. In the remaining plant, most of the samples showed concentrations between 1 and 20 ppm, with a few samples indicating levels of over 100 ppm. When these three groups are named A, B, and C in order of increasing concentration, arithmetic means for the groups are A = 2-1 ppm (N = 116); B = 7-4 ppm (N = 394); C = 14-1 ppm (N = 98). The frequency distribution for factory C was approximately log-normal, and the geometric mean and geometric standard deviation for this factory were 4 97 ppm and 4-2. Although the frequency distributions for A and B groups also appeared to be log-normal, many of the results for these groups were less than the detection limit of 1 ppm, and calculation of geometric means and standard deviations was not considered to be justified. Medians for A, B, and C groups were less than 1 ppm, 1 ppm and 5 ppm respectively. Frequency distributions for AN in air collected by personal samplers, AN in urine, and thiocyanate in urine were also found to be approximately lognormal. Arithmetic means, and geometric means and geometric standard deviations when calculated, are shown in Table 2 . Levels of individual exposure estimated by these indicators were found to correspond reasonably to the levels of exposure as expressed by AN concentration in the air.
MEDICAL EXAMINATION
Medical examinations were performed on 119 AN and 58 control workers. However, as a result of the interview, it was found that 13 of the 119 AN workers had been exposed for less than five years, and four others had never been exposed to AN although they had been believed to be AN workers according to their job classification. Therefore, 13 men were excluded from the analysis because of their short exposure histories, and the other four were transferred to the control group. Thus the final number of subjects was 102 for the AN group and 62 for the control group.
Because the main purpose of the study was to investigate dose-related health effects of AN, the subjects were also divided into three groups, A, B, and C, according to the degrees of exposure estimated for each factory. Means and standard deviations for age and length of AN exposure are shown in Table 3 . The age distributions of the exposed and control subjects were well matched in each factory group. However, there were some differences in mean age of the groups; group C were the oldest (38-1 yr), followed by group B (33 9 yr) and group A (30 5 yr). There was also a slight difference between group C and the other two groups in the mean length of exposure.
Medical histories did not suggest that any subject had been seriously affected by AN. However, many of the workers had initially experienced irritation of the conjunctiva and upper respiratory tract Table 4 . Three phases of the ICG test, five isozymes of LDH, and five fractions of serum protein were compared separately, making the number of comparisons between the AN and control groups 35 in all. Analyses of variance indicated that there were no significant differences between control subjects in groups A, B, and C apart from data concerned with the serum creatinine concentration and a2 globulin fraction. For this reason, most data for AN groups were compared with total control subjects as shown in Table 4 . Only for creatinine and a2 globulin were the results compared between AN and control subjects within each factory group. Statistically significant differences were found only in total cholesterol, alkaline phosphatase, creatinine, Ul2 globulin, and in ICG (10 min.). ICG showed a statistically significant difference only in the 10-minute data and, moreover, the difference was in the opposite direction to that which would be expected for adverse effects on the liver. Serum creatinine concentration in the exposed subjects was significantly higher in factory group B, but was, conversely, significantly lower in the most highly exposed factory group C. These sporadic occurrences of statistically significant differences may have been caused merely by chance, because the total number of comparisons between the exposed and control subjects amounted to 133. It is notable that there was no significant difference that could be attributed to AN in the most highly exposed group C. When results were compared for factory groups A, B, and C, no test item was found to show a dose-related change suggestive of any effects of AN. Table 5 shows some of the findings of the physical examination. Palpable liver was considerably more prevalent in the exposed subjects than in control subjects in all factory groups, but not to a statistically significant extent. Reddening of conjunctiva or phaiynx, and rashes or skin pigmentation were also slightly more prevalent in the exposed subjects, but again the differences were not significant. Even when comparisons were made between all AN and control subjects for these findings, the differences were not statistically significant. Results of liver function tests for 20 AN workers whose livers were palpable were compared with those of all AN and control workers. However, no supportive evidence could be found to indicate that hepatic function of the exposed workers whose livers were palpable had been affected by AN. Other clinical tests such as blood pressure and neurological findings did not show any difference between AN and control groups.
Discussion
Because the protocol for the sampling of subjects was very carefully designed and carried out much (Dudley and Neal, 1942; . The results of our study may provide a 'no observed effect' level for human exposure at work as far as liver damage and the other health effects detectable by the multiple laboratory examinations used in this study are concerned.
The methods of exposure evaluation used here are considered to be sufficiently accurate to make reasonable estimates of the levels of exposure in acrylic fibre factories in Japan at the time of the study. Because It is questionable whether exposure at the time of the study was comparable to that in the past. Production levels during the study period were lower than those in previous years for all factories. Moreover, we learned from factory administrators and subjects that almost all factories had undergone considerable improvements in the working environment about five years before this study. Enclosure of emission sources and installation of exhaust ventilation apparently contributed to some extent to the improvement. However, a more important cause for the reduction of workers' exposure appears to have been a reduction in the number of mechanical faults resulting from efforts to raise productivity. This apparently lessened the risk of being exposed to unusually high concentrations of AN. Considering all these factors, past levels of exposure were probably higher than the levels found in this study. The failure of this study to detect adverse effects attributable to AN does not, therefore, contradict previous results (Wilson, 1944; Wilson et al., 1948; Suzuki, 1961; Kondo, 1969; Sakurai and Kusumoto, 1972) , which suggested that liver damage had occurred in workers who apparently had been exposed to higher concentrations. Of special interest is the report by Sakurai and Kusumoto (1972) which showed slight increases in the prevalence of abnormal values for some liver function tests among AN workers from the same factories as those in the present report. As this observation was made in the 10 years before 1970, the negative results in the present report may be explained by a subsequent decrease in exposure.
As shown in Table 2 , both AN and thiocyanate concentrations in urine were found to be useful indicators of AN exposure. Urinary AN concentrations were high even in low-grade exposure. Although the method of analysing urinary AN in this study is not convenient for routine use, it may be a useful indicator of individual lower-grade exposure. On the other hand, urinary thiocyanate ion concentration may be useful only in evaluating levels of exposure on a group basis, because thiocyanate exists in normal urine and increases with smoking. The value listed in Table 2 has been corrected to a mean smoking level of 15 cigarettes per day and a mean urinary specific gravity of 1 024. However, thiocyanate determination is relatively simple compared with AN determination. This study did not attempt to deal with the problem of carcinogenicity. If, however, a more careful approach is needed for the prevention of AN exposure because of its suspected carcinogenicity (National Institute for Occupational Safety and Health, 1977) 
